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(54) FUEL CELL 
(57)Abstract: 

PURPOSE: To suppress a drop in catalyst utilization on discharge to enhance the cell 
performance of a polymer electrolyte fuel cell with a thin electrode catalyst layer 
comprising an electrolyte and catalyst-supporting carbon. 

CONSTITUTION: A fuel cell consists of an electrolyte film made of a solid polymer, a fuel 
electrode and an air electrode placed on both sides of the electrolyte film, and the fuel 
electrode and the air electrode have a catalyst layer arranged so as to come in contact 
with the electrolyte film surface respectively. The catalyst layer is fabricated with carbon 
particles, a solid electrolyte, and a metallic catalyst which is supported on the carbon 
particle. The composite ratio of the metallic catalyst and the electrolyte in the catalyst layer 
to the carbon particles, which form an opposite side portion to the electrolyte film, of the 
electrolyte film is larger than the composite ratio of the metallic catalyst and the electrolyte 
in the catalyst layer to the carbon particles, which form an electrolyte side portion, of the 
electrolyte film. 
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* NOTICES * 

JFO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the fuel cell which generates the electrical and electric 

equipment from the gas containing the fuel gas and oxygen containing hydrogen. 

[0002] 

[Description of the Prior Art] The polyelectrolyte mold fuel cell consists of the fuel electrodes and air poles 
which were prepared on both sides of the electrolyte membrane which usually consists of a humidified 
solid-state macromolecule, and this electrolyte membrane. This fuel electrode and air pole have two-layer 
structure with the gaseous diffusion layer which functions as the supply way and charge collector to a 
catalyst bed of the gas containing oxygen, such as a catalyst bed to which electrode reaction is made to 
perform the gas containing oxygen, such as fuel gas and air, respectively, fuel gas, and air. A current is 
outputted by the hydrogen ion formed by the electrode reaction in a catalyst bed moving in the inside of an 
electrolyte, and becoming water from fuel gas by the electrode reaction by the catalyst by the side of an air 
pole. (Hereafter, an "electrolyte" only means the both sides of an electrolyte membrane and the electrolyte in 
a catalyst bed, and an "electrolyte membrane" and "the electrolyte in a catalyst bed" are distinguished.) 
The above-mentioned typical catalyst bed film adds a hydrophobic binder particle (fluororesin powder) to 
the carbon particle (carbon black) which carried out high distribution support of the catalysts (Pt etc.), and is 
manufactured by baking shaping. This catalyst distributes and exists in a comparatively thick (100 
micrometers or more) catalyst bed, and although supply of reactant gas on a catalyst front face is secured by 
the porous space formed by the hydrophobic particle, it is hardly taken into consideration about the contact 
interface of a catalyst and an electrolyte at the time of catalyst bed formation. 

[0003] Only by joining to an electrolyte with a hotpress etc., the electric resistance in the interface is large, 
and the above-mentioned catalyst bed has the large degradation accompanying increase of the amount of 
currents. Then, before joining an electrolyte membrane and a catalyst bed, the remedy of applying to a 
catalyst bed the solution which dissolved the polyelectrolyte, and joining is devised (J. Power Source, 
22,359 (1988).). However, on the relation which secures permeability and reinforcement, the conventional 
catalyst bed which consists of mixture of a catalyst support carbon particle and fluororesin powder is 
difficult to carry out to about 100 micrometers or less in thickness, and it is difficult the catalyst bed to apply 
an electrolyte to the whole catalyst bed of this thickness, and to form the interface between a catalyst and the 
electrolyte in a catalyst bed as a matter of fact. For this reason, there is a problem that the utilization factor 
of a catalyst is generally low and the cell engine performance tends to fall in a high current region also by 
the cell manufactured from the electrode which applied the electrolyte. Moreover, an easy technique does 
not form the spreading film of the electrolyte in a catalyst bed in the catalyst front face in the porous space 
of a thick catalyst bed thinly at extent which does not spoil a gaseous diffusion property. Therefore, it is not 
easy to apply an electrolyte to the conventional catalyst bed and for low concentration polarization to also 
produce a highly efficient large cell. 

[0004] In consideration of the fault of an electrode, the catalyst bed new recently completely type is devised 
conventionally [ this ]. That is, after this catalyst bed is completely a catalyst bed which consists only of 
support carbon the electrolyte and catalyst in the catalyst bed which is not ** about a hydrophobing agent 
like a fluororesin particle and kneads an electrolytic solution and catalyst support carbon, it is formed by 
evaporating a solvent (22 J. Electrochem.Soc.Lett. L28 (1992), J.Appl.Electrochem. 1 (1992).). In this 
catalyst bed, while the magnitude and the condition of an interface of a catalyst and an electrolyte become 
controllable by the compounding ratio of the electrolyte in a catalyst and a catalyst bed, or accommodation 
of a process condition, it can be made thin to the thickness of about 15 micrometers or less. For this reason, 
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the high performance cell of a high catalyst utilization factor and low concentration polarization is 
conventionally obtained rather than a cell. 

[0005] However, the improvement in the above-mentioned cell engine performance by the lamination of this 
catalyst bed has the problem that there is an inclination for that effectiveness to become small, when the 
thickness of a catalyst bed is set to 10-15 micrometers or less. This is because there is a property in which 
the flooding phenomenon by the liquid water generated on the relation in which the electrolyte phase which 
fills most catalyst support carbon particle gaps in a catalyst bed serves as the almost only water and a 
transportation path of gas, and within the electrode tends to happen from the conventional catalyst bed. If 
current density, i.e., a water generating rate, increases, the catalyst which is covered with water and does not 
contribute to electrode reaction will increase, and the rate of the deactivating catalyst will become so high 
that a catalyst bed becomes thin. 

[0006] By the conventional cell, only by making thin simply the layer to which the catalyst bed filled up the 
catalyst into homogeneity with the present condition which flooding by liquid water cannot avoid easily, it 
cannot use effectively, and the platinum of a catalyst metal is uneconomical and cannot be utilizing 
thoroughly enough the description of an ultra-thin catalyst bed with the large interface of a catalyst and an 
electrolyte by the above. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention was made in view of the above-mentioned 
situation, and aims at offering the fuel cell which suppressed decline in the catalyst utilization factor at the 
time of discharge, and raised the cell engine performance in the polyelectrolyte mold fuel cell which has the 
thin electrode catalyst bed which consists of an electrolyte and catalyst support carbon. 
[0008] 

[Means for Solving the Problem] The fuel cell of this invention consists of the fuel electrode and air pole 
which have been arranged on both sides of the electrolyte membrane which consists of a solid-state 
macromolecule, and this electrolyte membrane. This fuel electrode and this air pole In a fuel cell with the 
catalyst bed interviewed and arranged in this electrolyte membrane side the above-mentioned catalyst bed It 
consists of a carbon particle, a solid electrolyte, and a catalyst metal supported by this carbon particle. With 
the above-mentioned electrolyte of this catalyst bed, the blending ratio of coal of this catalyst metal to this 
carbon particle that forms the part of the opposite side, and this electrolyte is characterized by being larger 
than the blending ratio of coal of this catalyst metal to this carbon particle that forms the part by the side of 
the above-mentioned electrolyte membrane of this catalyst bed, and this solid electrolyte. 
[0009] The fuel cell of this invention consists of the fuel electrodes and air poles which have been arranged 
on both sides of the electrolyte membrane which consists of a solid-state macromolecule, and this electrolyte 
membrane, and an air pole and a fuel electrode have the catalyst bed which interviewed the electrolytic film 
surface and has been arranged, respectively. An electrolyte membrane can use the poly membrane which 
shows the electrolyte property of making a charge carrier (H+) penetrating. 

[0010] In an air pole and a fuel electrode, a gaseous diffusion layer may be arranged with an electrolyte 
membrane in the catalyst bed side of the opposite side. This gaseous diffusion layer is formed by the porous 
body which has high gas permeability and high electronic conduction nature, and supplies the gas containing 
oxygen, such as fuel gas and air, to a catalyst bed at homogeneity. A gaseous diffusion layer usually 
fabricates the mixture of a carbon particle and a hydrophobic particle, and is made. 

[001 1] Moreover, the catalyst bed which are other components of a fuel electrode and an air pole consists of 
the catalyst metals and electrolytes (electrolyte in a catalyst bed) which were supported on a carbon particle 
and this carbon particle. It is H+ whose solid electrolyte in a catalyst bed the carbon particle which 
constitutes this catalyst bed carries an electron, and is a charge carrier. It carries. And the catalyst metal of a 
fuel electrode is hydrogen H+ It carries out and the catalyst metal of an air pole is oxygen and H+. It is made 
to react. That is, as for a catalyst bed, three persons of the electrolyte in a carbon particle, a catalyst metal, 
and a catalyst live together, a carbon particle serves as a subject who constitutes a catalyst bed, and there is 
much the abundance. The electrolyte in a catalyst bed covers with the catalyst bed concerning this invention 
the carbon particle front-face top where the catalyst metal was supported by the carbon particle front face, 
and the catalyst metal was supported further. The area of the part which touches the electrolyte among the 
total surface areas of the catalyst particle by which distributed support was carried out will be called a 
catalyst effective-surface product on a carbon particle. This catalyst effective-surface product shows the 
maximum surface area of the catalyst which can participate in electrode reaction. More generally than an 
effective-surface product the surface area (for example, it can be called effective surface area) of the catalyst 
which participates in actual electrode reaction is small, and the diffusion process on the front face of a 
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catalyst of reactant gas is related to the rate. Specifically, the thickness of a wrap electrolyte influences the 
diffusion rate of reactant gas for the internal pore structure, the amount of produced water, and catalyst 
metal of a catalyst bed. If a catalyst bed is porosity, effective surface area will become close to a catalyst 
effective-surface product about a catalyst metal a certain degree, so that the thickness of a wrap electrolyte is 
thin. 

[0012] It can ask for the total surface area of a catalyst from the mean particle diameter which calculated 
about the catalyst support carbon powder or Plastic solid which does not contain an electrolyte from the 
saturation chemistry (single molecule) amount of adsorption of CO in near a room temperature, or was 
measured by transmission electron microscope observation. Usually, the result obtained by both approach is 
well in agreement. It can ask for a catalyst effective-surface product with an electrochemical process (cyclic 
voltammetry which supplies inert gas (N2) to hydrogen adsorption-wave component measurement of 
electric double layer capacity, i.e., a catalyst bed, and carries out the repetitive sweep of the electrode 
potential (vs, hydrogen electrode) in 0.06- 1.4V). 

[0013] In the catalyst bed concerning this invention, inclination combination of the blending ratio of coal of 
the electrolyte in the catalyst metal to the carbon particle which forms the part of the opposite side (gaseous 
diffusion layer side when there is a gaseous diffusion layer), and a catalyst is carried out with the electrolyte 
of a catalyst bed more greatly than the blending ratio of coal of the electrolyte in the catalyst metal to the 
carbon particle which forms the part by the side of the electrolyte of a catalyst bed, and a catalyst. That is, 
the electrolyte membrane of a catalyst bed of the catalyst effective-surface product of the part of the 
opposite side is larger than the catalyst effective-surface product of the part by the side of the electrolyte 
membrane of a catalyst bed. 

[0014] When the thickness of a catalyst bed is seen from a viewpoint of diffusion of the reactant gas 
introduced, it is desirable to be referred to as about 10 micrometers or less. Installation of reactant gas 
becomes difficult and effective surface area becomes small, so that the thickness of a catalyst bed increases. 
Then, thickness of a catalyst bed is set to about 10 micrometers, and it is a catalyst effective-surface product 
1 cm of electrodes from the point of the cell engine performance of a low current region 2 It is 2 400cm per 
area. It is set as extent. At this condition, the average catalyst effective-surface product in a catalyst bed is 3 
lcm of catalyst beds. It is 2 about 40cm of hits. It is above needed. On the other hand, when the amount of 
support of the catalyst support carbon particle which constitutes a catalyst bed makes the sum total of a 
carbon particle and a catalyst metal 100 % of the weight (especially % means weight % hereafter unless it 
refuses.) from a viewpoint of catalyst degree of dispersion, as for a catalyst metal, considering as 40% or 
less is desirable. 

[0015] As a means to prepare the inclination of a catalyst effective-surface product in the thickness direction 
of a catalyst bed, the following approach is employable. Specifically, some kinds of high distribution 
catalyst support carbon particles from which the amount of catalyst support differs are formed. And the 
solution which various kinds carried out the carbon particle and dissolved the electrolyte is mixed, 
respectively. The mixed paste of the catalyst metal support carbon particle from which a catalyst effective- 
surface product differs by this, respectively, and an electrolytic solution is obtained. A catalyst bed with the 
inclination of a catalyst effective-surface product can be obtained by forming a thin layer and carrying out 
the laminating of these solutions in order of the magnitude of a catalyst effective-surface product. 
[0016] in addition — if a catalyst is supported with high concentration — a carbon particle — since the 
dispersibility of the upper catalyst is fallen, it is desirable to take a certain measures against high 
decentralization. For example, chemical property on the front face of a carbon carrier which uses high 
surface area carbon carriers (diameter carbon black of a granule etc.) and to which the surface area of a 
carbon carrier is expanded with a thermal oxidation aktivationsmethode etc. is embellished (oxidation-by- 
nitric-acid processing etc.), and it promotes adsorption of the catalyst to a carbon particle or a precursor, and 
****. They are cures, such as third component addition before catalyst support or with a support **** 
paddle. 

[0017] When it mixes with the carbon particle which supported 40% of platinum with an electrolytic 
solution and a catalyst bed is formed, the catalyst effective-surface product in a layer is 3 lcm of catalyst 
beds. It is 2 about 60m of hits. It turned out that it becomes. Therefore, when preparing the inclination of a 
catalyst effective- surface product linearly in a catalyst bed with a thickness of 10 micrometers, it is 2 about 
60m to one side edge of a catalyst bed. It can form by piling up the layer as for which a reverse side edge is 
decreased in the meantime, and the layer decreased the catalyst effective-surface product in order as a layer 
of 2 by about 1 0m. When it mixes with the carbon particle which carried out quantity distribution support of 
the catalyst 10% with an electrolytic solution and it is incidentally fabricated, it is 3 lcm. It is 2 about 10m 
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of hits. A layer with a catalyst effective-surface product can be formed. 

[0018] however, as for what kind of inclination is actually established in a catalyst effective-surface product, 
it is desirable to influence a wastewater rate from an electrode and to decide in consideration of the engine 
performance and cell service condition of a gaseous diffusion layer. As for concentration change of the 
reactant gas in a catalyst bed, it is common that concentration is high at a gaseous diffusion layer side, and 
an electrolyte membrane side serves as a low inclination by the reaction and diffused resistor within a 
catalyst bed. Moreover, an electrolyte side also has many amounts of the liquid water which controls 
gaseous diffusion. Then, as for the catalyst bed concerning this invention, the place where reactant gas 
concentration is large will enlarge catalyst effective area per unit volume in a high current density region, 
and the place to which reactant gas concentration falls will have composition which makes small conversely 
catalyst effective area per unit volume. 

[0019] For example, in the catalyst bed of an air pole, a catalyst bed is formed for that from which a catalyst 
effective-surface product differs so that an inclination which enlarges the catalyst effective-surface product 
of the side in contact with the gaseous diffusion layer which introduces gas into a catalyst bed, and makes a 
catalyst effective-surface product small toward an electrolyte membrane side direction may be prepared in 
piles one by one. Thereby by the air pole, electrode reaction with the reactant gas both introduced into a 
catalyst bed as if the amount of the catalyst influenced by the liquid water to generate decreases can be 
advanced efficiently. For this reason, the fall of the output voltage in a high current density region can be 
made into the minimum. 
[0020] 

[Function] The catalyst effective area in a catalyst bed is controlled by the fuel cell of this invention to 
reduce the amount of catalysts of the part which stagnation of liquid water cannot avoid easily, without 
changing the catalyst total amount in a catalyst bed. Thereby, most catalysts can make it contribute to 
electrode reaction. That is, although all catalysts contribute to a reaction by the low current consistency with 
the conventional fuel cell, if current density increases, the liquid water in a catalyst bed will become 
superfluous, and, generally the utilization factor of a catalyst will fall. However, without changing the 
engine performance of a low current field, since the catalyst utilization factor fall is considered as the 
configuration suppressed to the minimum according to this invention, also in a high current field, the fall of 
electrode reaction is controlled and it can go on. For this reason, it becomes possible to hold the output of 
the high voltage in the large current range. Consequently, a catalyst utilization factor improves and saving of 
a catalyst is attained. 

[0021] It is effective to consider as the configuration which makes a catalyst effective-surface product 
especially increase from an electrolyte membrane side to a gaseous diffusion layer side by the air pole side. 
[0022] 

[Example] Hereafter, an example explains concretely. 

The platinum support carbon powder with which the amounts of support of four sorts of platinum catalysts 
shown in Table 1 by the production sinking-in method, a colloidal dispersion method, etc. of a catalyst bed, 
A, B, C, and D, differ was prepared. Electrolyte of the amount shown in four sorts of these platinum support 
carbon powder in Table 1 (trade name NAFION) The mixed paste which is four kinds from which it mixes 
with the alcoholic dissolved solution, and the catalyst effective-surface product per unit volume differs was 
prepared mostly tales doses every. 

[0023] Next, the electrode gaseous diffusion layer which becomes a carbon cloth from ****** which carried 
out spreading baking of the mixture of a carbon particle and a hydrophobic particle was prepared, the above- 
mentioned paste was applied to the one side in order of the magnitude (D<-C<-B<-A) of a catalyst effective- 
surface product, and the laminating was carried out to the shape of a layer. For 2 and B, 2 and A are [ a 
catalyst effective-surface product / D / 2 and C ] 2 27cm 46cm 79cm 98cm per electrode unit area. It is small 
sequentially from the gaseous diffusion layer, the whole catalyst effective-surface product — 250cm2 it is . 
At the time of this laminating, the evaporation of the solvents in a paste at the time of class formation 
(alcohol etc.) was prepared for the drying time, external conditions (temperature and ambient atmosphere), 
etc. so that only the interface part of each class might be mixed. 

[0024] Although handicraft, such as brushing, is also possible, as for formation of a catalyst bed, it is 
desirable from the point of homogeneous reservation to carry out by the approaches at a spray method, the 
time of screen-stencil doctor plate shaping, etc. Moreover, in order to form the inclination of a catalyst bed 
more nearly continuously, the approach of carrying out a spray coating cloth is desirable, changing 
continuously the sedimentation replica method and paste presentation using the specific gravity difference 
of a catalyst support carbon particle. 
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[0025] 
[Table 1] 

A field A B C D The whole % Pt/C 10% 20% 

30% 40% - Pt+C (mg) 0.40 0.30 0.400.45 1.55 Pt (mg) 0.04 0.06 0.12 0.18 0.40 

— electrolyte NAFION Pt/C of each field It is addition mixing from a solution to powder, (mg) 0.02 

0.030.06 0.09 0.20 Catalyst bed thickness 2 (micrometer) 2 2 2 8 Pt 

measuring area (cm2) 27 46 79 98 250 Finally an electrolyte membrane is 

inserted by each catalyst bed side of the fuel electrode (that in which a catalyst bed does not establish an 
inclination) created independently, and the air pole (catalyst bed + gaseous diffusion layer) produced by the 
above. It fixes in a press fixture and the pressure of 30-150kg/cm2 is put (it is desirable for the little solvent 
to still remain in an electrode catalyst bed in this phase.), Within limits to which deterioration of an 
electrolyte membrane does not take place, the short-time (less than 1 5 minutes) hotpress was carried out at 
the highest possible temperature (120-150 degrees C), and the cell was produced. 

[0026] It is shown typically [ the laminating condition of the catalyst bed by the side of the air pole formed 
in drawing 1 by the above-mentioned approach ]. 

(Example of a comparison) Four sorts of catalyst beds which do not prepare the inclination of the effective- 
surface product of Pt in the catalyst bed shown in Table 2 as an example of a comparison were used, and 
also the same cell as an example was produced. The effective-surface product of Pt was made larger than 
250cm2 (whole) of an example except for the example 4 of a comparison. 

[0027] The relation between 70 degrees C [ of ordinary pressure of five sorts of cells of this example and the 
examples 1 -4 of a comparison ] (H2 / Air) current density and cell output voltage was investigated. A result 
is shown in drawing 2 . In the examples 1 -4 of a comparison, the cell engine performance is governed by Pt 
support carbon content, i.e., the thickness of a catalyst bed, rather than Pt effective- surface product, and the 
fall of output voltage is good by the increment in current density in order of the example l->2->3->4 of a 
comparison. A thicker catalyst bed depends this on that gas permeability falls and a catalyst caving in in 
liquid water and it being easy to deactivate. 
[0028] 
[Table 2] 

Catalyst bed Pt effective table Pt/C Powder (mg) Pt (mg) Electrolyte (mg) 

thickness mum Area (cm2) Example 1 of a comparison 1 0%Pt/C (4.0) 0.4 

NAFION (0.2) 24 270 Example 2 of a comparison 20%Pt/C (2.0) 0.4 NAFION (0.2) 1 1 307 Example 3 of a 
comparison 30%Pt/C (1.3) 0.4 NAFION (0.2) 6 262 Example 4 of a comparison 40%Pt/C (1.0) 0.4 

NAFION (0.2) 421 8 this example - a catalyst bed - the whole - 

comparatively — high — it has thickness (the amount of Pt/C) almost equivalent to the activity example 3 of 
a comparison, and a platinum effective-surface product. And since unlike the example of a comparison the 
reaction advanced in the place where gas concentration is high and the catalyst utilization factor held highly 
according to the gap tilt effect of Pt effective-surface product in a catalyst bed, the high engine performance 
which exceeds the example 4 of a comparison in a large current region was shown. 
[0029] 

[Effect of the Invention] Since according to the configuration of the catalyst bed of this invention the 
catalyst effective-surface product in contact with an electrolyte is made [ many ] and the catalyst effective- 
surface product is reduced to the place where reactant gas concentration with a high catalyst utilization 
factor is high one by one, decline in a catalyst utilization factor can be suppressed also in the field in which 
current density becomes high to the minimum. Therefore, compared with the conventional cell of the 
amount of the same catalysts, the cell engine performance in high current density can be raised remarkably. 
Moreover, saving of the catalyst used since a catalyst utilization factor improves of this cell is attained. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] From the fuel electrode and air pole which have been arranged on both sides of the electrolyte 
membrane which consists of a solid-state macromolecule, and this electrolyte membrane, this fuel electrode 
and this air pole ******** interviewed and arranged in this electrolyte membrane side is also set to 
********** jjjg above-mentioned catalyst bed It consists of the catalyst metals and electrolytes which 
were supported by the carbon particle and this carbon particle. With the above-mentioned electrolyte 
membrane of this catalyst bed, the part of the opposite side The blending ratio of coal of the electrolyte in 
this catalyst metal to this carbon particle to form and this catalyst bed is a fuel cell characterized by being 
larger than the blending ratio of coal of the electrolyte in this catalyst metal to this carbon particle that forms 
the part by the side of the above-mentioned electrolyte membrane of this catalyst bed, and this catalyst bed. 



[Translation done.] 
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[Translation done.] 



http ://www4 . ipdl . ncipi . go . j p/cgi-bin/tran_web_cgi_ej j e 



9/15/2006 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGIE CUT OFF AT TOP, BOTTOM OR SIDES 
G^TADED TEXT OR DRAWING 
P'BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



